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DISPLAY DEVICE AND METHOD OF 
DRIVING A DISPLAY PANEL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a display device including 
a display panel such as a matriX-type plasma display panel 
(hereinafter referred to as a PDP). 

2. Description of the Related Background Art 
In recent years, the siZe of display devices is becoming 

increasingly great, and the increase in the display device siZe 
has created a need for a reduction in the display device 
thickness. To meet such a requirement, various thin types of 
display devices have been developed and are practically 
used. Adisplay device using an AC (Alternate Current) PDP 
is one of promising thin types of display devices. 
A PDP includes a plurality of column electrodes (address 

electrodes) and a plurality of pairs of roW electrodes eXtend 
ing in such a manner as to cross the column electrodes. The 
roW and column electrodes are covered With a dielectric 
layer such that the surfaces thereof are not directly eXposed 
in a discharge space. Adischarge cell serving as one piXel is 
formed at each intersection betWeen the roW electrode pairs 
and the column electrodes. In the PDP, light is emitted by 
using a discharge, and each discharge cell can be only in 
either a state in Which light is emitted or a state in Which no 
light is emitted. In the PDP, multiple luminance levels are 
achieved by means of a sub?eld method, to represent 
halftone in accordance With an input video signal. In the 
sub?eld method, each ?eld display period is divided into N 
sub?elds, and a number of times light is emitted for each 
sub?eld is determined depending on a Weighting factor for 
performing light emission. 

HoWever, in the display device using the sub?eld method, 
the number of times light is emitted is determined in a ?xed 
manner depending only on the Weighting factor for each 
sub?eld, and the manner of determining the number of times 
light is emitted is not changed in any situation. This can 
cause a displayed image to become very daZZling When the 
luminance of light emission becomes high on a screen all 
over. 

One knoWn technique of avoiding the above problem is to 
use an automatic brightness limiter (ABL controller) for 
limiting the screen luminance in the display device based on 
the sub?eld method as in other types of display devices such 
as a CRT display. As a result of the luminance limitation, 
poWer consumption of the display device is limited. 

The automatic brightness limiter limits the number of 
sustain pulses (the number of times light is emitted) in each 
sub?eld, based on luminance information (for eXample, an 
average luminance level) of an input image signal, thereby 
limiting the luminance level of the image signal. 

HoWever, in the display device in Which poWer consump 
tion is limited on the basis of the conventional technique, it 
is dif?cult to obtain not only optimal luminance but also 
good light emission ef?ciency. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a display 
device and a display panel driving method Which each have 
a capability of limiting the poWer consumption of a driver 
circuit of a display panel and are each capable of displaying 
an image With improved luminance and increased light 
emission ef?ciency. 
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2 
According to an aspect of the present invention, there is 

provided a display device comprising a display panel includ 
ing a plurality of pairs of roW electrodes betWeen Which a 
capacitive load is formed, and a plurality of column elec 
trodes arrayed in the direction intersecting With the roW 
electrodes so as to form discharge cells at respective inter 
sections of the roW electrode pairs and the column elec 
trodes; a driver circuit for supplying a sustain discharge 
pulse betWeen a pair of roW electrodes by performing a 
process having: under a state ?xed one roW electrode for 
each of the pairs of roW electrodes at a ?rst potential in a 
light emission sustain period of the display panel, a ?rst step 
of gradually changing the potential of the other roW elec 
trode for each of the pairs of roW electrodes from the ?rst 
potential toWard a second potential by means of resonance 
betWeen the capacitive load and a ?rst inductor; a second 
step of ?xing the other roW electrode in the pair of roW 
electrodes at the second potential; and a third step of 
gradually changing the potential of the other roW electrode 
of the pair of roW electrodes from the second potential 
toWard the ?rst potential by means of resonance betWeen the 
capacitive load and a second inductor; and a poWer limiting 
circuit for limiting poWer consumption of the driver circuit, 
in accordance With luminance information of an input image 
signal; Wherein When the poWer consumption of the driver 
circuit is not limited by the poWer limiting circuit, the driver 
circuit performs the second step before the potential of the 
other roW electrode of the pair of roW electrodes reaches the 
second potential at the ?rst step, While When, the poWer 
consumption of the driver circuit is limited by the poWer 
limiting circuit, the driver circuit reduces the length of the 
period of the second step and performs the third step after 
completion of the reduced second step. 

According to another aspect of the present invention, 
there is provided a method of driving a display panel having 
a plurality of pairs of roW electrodes betWeen Which a 
capacitive load is formed, and a plurality of column elec 
trodes arrayed in the direction intersecting With the roW 
electrodes so as to form discharge cells at respective inter 
sections of the roW electrode pairs and the column 
electrodes, the method comprising: supplying a sustain 
discharge pulse betWeen a pair of roW electrodes by per 
forming a process having, under a state ?Xed one roW 
electrode for each of the pairs of roW electrodes at a ?rst 
potential in a light emission sustain period of the display 
panel, a ?rst step of gradually changing the potential of the 
other roW electrode for each of the pairs of roW electrodes 
from the ?rst potential toWard a second potential by means 
of resonance betWeen the capacitive load and a ?rst induc 
tor; a second step of ?xing the other roW electrode in the pair 
of roW electrodes at the second potential; and a third step of 
gradually changing the potential of the other roW electrode 
of the pair of roW electrodes from the second potential 
toWard the ?rst potential by means of resonance betWeen the 
capacitive load and a second inductor; performing the sec 
ond step before the potential of the other roW electrode of the 
pair of roW electrodes reaches the second potential at the ?rst 
step When poWer consumption is not limited; and reducing 
the length of the period of the second step and performing 
the third step after completion of the reduced second step 
When poWer consumption is limited. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram shoWing a general construction of a 
display device according to the present invention; 

FIG. 2 is a diagram shoWing a format of a display driving 
signal according to a selective erase addressing scheme; 
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FIG. 3 is a diagram showing an internal construction of a 
data converter; 

FIG. 4 is a diagram shoWing an internal construction of an 
ABL controller; 

FIG. 5 is a graph shoWing the conversion characteristic of 
the data converter; 

FIG. 6 is a table shoWing the relative number of times 
light emission is performed in each sub?eld, for each 
luminance mode; 

FIG. 7 is a graph shoWing the conversion characteristic of 
a ?rst data converter; 

FIG. 8 is a diagram shoWing timings of various driving 
pulses applied to respective electrodes of a PDP; 

FIG. 9 is a diagram shoWing an example of a light 
emission driving pattern according to the light emission 
driving scheme shoWn in FIG. 2; 

FIG. 10 is a diagram shoWing all possible light emission 
driving patterns according to the light emission driving 
scheme shoWn in FIG. 2, and also shoWing an example of a 
conversion table used by a second data converter to perform 
the light emission driving process; 

FIG. 11 is a circuit diagram shoWing speci?c examples of 
circuit con?gurations of ?rst and second sustain drivers; 

FIG. 12 is a timing chart associated With various parts of 
the circuit shoWn in FIG. 11; 

FIG. 13 is a How chart shoWing the operation of a driving 
controller; and 

FIGS. 14A to 14C are diagrams shoWing on-off timings of 
sWitches and changes in voltages and discharge currents of 
lines. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Embodiments of the present invention are described in 
detail beloW With reference to draWings. 

FIG. 1 is a diagram shoWing a general construction of a 
display device using a plasma display panel (hereinafter, 
referred to as a PDP) according to the present invention. 
As shoWn in FIG. 1, the display device includes an A/D 

(analog-to-digital) converter 1, a driving controller 2, a data 
converter 30, a memory 4, a PDP 10, an address driver 6, and 
?rst and second sustain drivers 7 and 8. 

In response to a clock signal supplied from the driving 
controller 2, the A/D converter 1 samples an input analog 
video signal and converts the sampled signal into, for 
example, 8-bit pixel data (input pixel data) D on a pixel 
by-pixel basis. The resultant 8-bit pixel data D is supplied to 
the data converter 30. 

The driving controller 2 generates a clock signal and a 
Write/read signal synchronously With horiZontal and vertical 
synchroniZation signals included in the input video signal, 
and supplies the generated clock signal to the A/D converter 
1 and the Write/read signal to the memory 4. Furthermore, in 
synchroniZation With the horiZontal and vertical synchroni 
Zation signals, the driving controller 2 generates various 
timing signals for driving/controlling the address driver 6, 
the ?rst sustain driver 7 and the second sustain driver 8. 

The data converter 30 converts the 8-bit pixel data D into 
14-bit pixel data (display pixel data) HD and supplies the 
resultant data to the memory 4. The conversion process 
performed by the data converter 30 Will be described later. 

In the memory 4, the converted pixel data HD is sequen 
tially Written in accordance With the Write signal supplied 
from the driving controller 2. After one frame (including n 
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4 
roWs and m columns) of converted pixel data has been 
Written in the Writing process, one frame of converted pixel 
data HD11_nm is read on a bit-by-bit basis from the memory 
4 and sequentially supplied to the address driver 6 on a 
roW-by-roW basis. 

In response to the timing signal supplied from the driving 
controller 2, the address driver 6 generates m pixel data 
pulses having voltages corresponding to logical levels of the 
respective converted pixel data bits of one roW read from the 
memory 4. The generated pixel data pulses are supplied to 
the respective column electrodes D1 to Dm of the PDP 10. 
The PDP 10 includes column electrodes D1 to Dm serving 

as address electrodes and roW electrodes X1 to X” and Y1 to 
Y” extending in a direction perpendicular to a direction in 
Which the column electrodes D1 to Dm extend. In this PDP 
10, one pair of a roW electrode X and a roW electrode Y form 
one complete roW electrode. More speci?cally, in the PDP 
10, a ?rst roW electrode X1 and a ?rst roW electrode Y1 form 
a ?rst complete roW electrode, and an nth roW electrode X” 
and an nth roW electrode Yn form an nth complete roW 
electrode. The roW electrodes and column electrodes are 
each covered With a dielectric layer for a discharge space 
and each have one discharge cell corresponding to one pixel 
is formed at each intersection of each column of electrodes 
and each complete roW of electrodes. 

In response to the timing signal supplied from the driving 
controller 2, the ?rst sustain driver 7 and the second sustain 
driver 8 generate various driving pulses, Which Will be 
described later, and supply them to the roW electrodes X1 to 
X” and Y1 to Y” of the PDP 10. 

In this plasma display device, each ?eld display period is 
divided into 14 sub?elds SF1 to SF14 as shoWn in FIG. 2, 
and the PDP 10 is driven on a sub?eld-by-sub?eld basis in 
response to a timing signal supplied from the driving con 
troller 2. 

FIG. 3 shoWs the internal construction of the data con 
verter 30. As shoWn in FIG. 3, the data converter 30 includes 
an ABL (automatic brightness level) controller 31, a ?rst 
data converter 32, a multiple gradation level converter 33 
and a second data converter 34. 

The ABL controller 31 adjusts the luminance level of each 
pixel data D sequentially supplied from the analog-to-digital 
converter 1 such that the mean luminance level of an image 
displayed on the screen of the PDP 10 exists Within a 
predetermined range. The resultant luminance-adjusted 
pixel data D BL is supplied to the ?rst data converter 32. 

The above-described adjustment of the luminance level is 
performed before an inverse gamma conversion is per 
formed after nonlinearly setting the relative numbers of 
times light is emitted for the respective sub?elds. Then, the 
ABL controller 31 perform the inverse gamma conversion 
on the pixel data (input pixel data) D and automatically 
adjusts the luminance level, depending on the mean lumi 
nance of the data obtained via the inverse gamma 
conversion, thereby preventing the image quality from being 
degraded by the luminance level adjustment. 

FIG. 4 shoWs the internal construction of an ABL con 
troller 31. 

In FIG. 4, a level adjusting circuit 310 adjusts the level of 
the pixel data D, depending on the mean luminance deter 
mined by a mean luminance detection circuit 311 that Will be 
described later, and outputs the resultant luminance-adjusted 
pixel data DBL. The data converter 312 converts the 
luminance-adjusted pixel data DBL in accordance With an 
inverse gamma conversion characteristic (Y=X2'2) such as 
that shoWn in FIG. 5 and supplies the resultant data as 
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inverse-gamma-converted pixel data Dr to the mean lumi 
nance detection circuit 311. That is, the data converter 312 
performs an inverse gamma conversion on the luminance 
adjusted pixel data D BL thereby reproducing pixel data 
(inverse-gamma-converted pixel data Dr) Whose gamma 
correction has been cancelled so as to correspond to the 
original video signal. 

The mean luminance detection circuit 311, to designate a 
light emission period (number of times light is to be emitted) 
for each sub?eld, selects a luminance mode in Which the 
PDP 10 is driven, depending upon the mean luminance level 
determined in the above-described manner, from ?rst and 
second modes described in FIG. 6 and supplies a luminance 
mode signal LC indicating the selected luminance mode to 
the driving controller 2. Herein, the driving controller 2 
determines the period during Which light is emitted in the 
sustain light emission step Ic for each sub?eld SF1 to SF14 
shoWn in FIG. 2, that is, the number of sustain pulses applied 
in each sustain light emission step Ic, in accordance With the 
number-of-emissions ratio shoWn in FIG. 6, in the mode 
designated by the luminance mode signal LC. More 
speci?cally, When the mean luminance level of the input 
pixel data D is loWer than a predetermined value, the 
luminance mode is set to the ?rst mode. If the mean 
luminance level becomes equal to or greater than the pre 
determined value, the luminance mode is sWitched to the 
second mode in Which the number of times light is emitted 
in each sub?eld is smaller than that in the ?rst mode. 

The mean luminance detection circuit 311 determines the 
mean luminance from the inverse-gamma-converted pixel 
data Dr and supplies data indicating the resultant mean 
luminance to the level adjusting circuit 310. 

The ?rst data converter 32 shoWn in FIG. 3 converts the 
256-level (8-bit) luminance-adjusted pixel data D BL into 14 
I 16/255 (224/255)-level 8-bit (0 to 224) data and supplies 
the resultant data as level-converted pixel data HDP to the 
multiple gradation level converter 33. More speci?cally, the 
8-bit (0 to 255) luminance-adjusted pixel data DBL is con 
verted in accordance With the conversion table representing 
the conversion characteristic. The conversion characteristic 
is set depending on the number of bits of the input pixel data, 
the number of bits of data obtained after the compression via 
the multilevel conversion, and the number of gradation 
levels. Thus, using the ?rst data converter 32 disposed in 
front of the multiple gradation level converter 33 that Will be 
described later, the conversion is performed depending on 
the number of gradation levels and the number of bits of data 
compressed via the multilevel conversion. In this process, 
given luminance-adjusted pixel data DB is divided at a bit 
boundary into high-order bits (that Will be used to produce 
gradation-level-converted pixel data) and loW-order bits (or 
error bits that Will be truncated, and the multilevel conver 
sion is performed on the resultant data. This prevents a 
plateau from appearing in the display characteristic (that is, 
gradation level distortion is prevented), Which Would occur 
if luminance saturation occurs during the multilevel conver 
sion process or the gradation level does not correspond to a 
bit boundary. 
When the loW-order bits are truncated, a reduction in the 

number of gray levels occurs. HoWever, the lost gray levels 
are recovered by means of pseudo-representation by the 
multiple gradation level converter 33. 

FIG. 8 shoWs timings of various driving pulses applied to 
the column electrodes D and the roW electrodes X and Y of 
the PDP 10 from the address driver 6 and the ?rst and second 
sustain drivers 7 and 8 in accordance With various timing 
signals supplied from the driving controller 2. 
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As shoWn in FIG. 8, in an all-reset step Rc that is 

performed only in a sub?eld SF1, the ?rst sustain driver 7 
and the second sustain driver 8 simultaneously supply 
negative reset pulses RPX and positive reset pulses RPY to 
the roW electrodes X1 to X” and Y1 to Y” Whereby all 
discharge cells of the PDP 10 are reset-discharged and a Wall 
charge is equally formed in each discharge cell. As a result, 
the all discharge cells of the PDP 10 are initialiZed into the 
light emission state. 

In the folloWing pixel data Write step Wc for each 
sub?eld, the address driver 6 generates pixel data pulses 
DP111_nm to DP1411_nm from DB111_nm to DB1411_nm sup 
plied from the memory such that the pixel data pulses 
DP111_nm to DP1411_nm have voltages corresponding to the 
logical levels of the DB111_nm to DB1411_nm supplied from 
the memory. The address driver 6 assigns those pixel data 
pulses DP1111_nm to DP1411_nm to the respective sub?elds 
SF1 to SF14 and sequentially applies them to the column 
electrode D1_m roW by roW and sub?eld by sub?eld. More 
speci?cally, for example, in the pixel data Write step Wc for 
the sub?eld SF1, data corresponding to the ?rst roW, that is 
DB11_m, is extracted from DB111_nm, and m pixel data pulses 
DP11 corresponding to the logical levels of DB11_1m are 
generated. The resultant pixel data pulses DP11 are supplied 
to the column electrode D1_m. Thereafter, data corresponding 
to the second roW, that is DB121_2m, is extracted from 
DB111_nm and then m pixel data pulses DP12 corresponding 
to the logical levels of DB121_2m are generated and simul 
taneously applied to the column electrode D1_m. 
Furthermore, in the pixel data Write step Wc for the sub?eld 
SF1, pixel data pulses DP13 to DP1n are generated in a 
similar manner roW by roW and sequentially applied to the 
column electrode D11_m. In the above process, When the 
logical level of DB1 is “1”, the address driver 6 generates a 
high-level pixel data pulse, While the address driver 6 
generates a loW-level (Zero-voltage) pixel data pulse When 
the logical level of DB1 is “0”. In the pixel data Write step 
Wc for the sub?eld SF2, data corresponding to the ?rst roW, 
that is DB211_nm, is extracted from DB211_nm, and m pixel 
data pulses DP21 corresponding to the logical levels of 
DBZHW” are generated and applied to the column electrode 
D1_m. Then, data corresponding to the second roW, that is 
DB221_2m, is extracted from DB211_nm, and m pixel data 
pulses DP22 corresponding to the logical levels of DB221_2m 
are generated and applied to the column electrode D1_m. 
Furthermore, in the pixel data Write step Wc for the sub?eld 
SF2, pixel data pulses DP23 to DP2n are generated in a 
similar manner roW by roW and sequentially applied to the 
column electrode D1_m. 

Similarly, in the folloWing pixel data Write steps Wc for 
sub?elds SF3 to SF14, the address driver 6 generates pixel 
data pulses DP31_n to DP141_n from DB311_nm to DB1411_nm 
and sequentially applies them to the column electrode D1_m 
roW by roW. 

The second sustain driver 8 generates a negative scanning 
pulse SP shoWn in FIG. 8 in synchroniZation With the 
timings of applying the pixel data pulses DP described 
above, and sequentially applies them to the roW electrodes 
Y1 to Y”. Thus, a discharge (selective erase discharge) 
occurs only in a discharge cell located at an intersection 
betWeen a roW to Which a scanning pulse SP is applied and 
a column to Which a high-level pixel data pulse is applied, 
and the Wall charge remaining in that discharge cell is 
selectively erased. Thus, the selective erase discharge causes 
the discharge cell, Which has been initialiZed into the light 
emission state in the all-reset step Rc, to be brought into a 
non-light emission state. Note that no discharge occurs in 
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discharge cells in a column to Which a loW-level pixel data 
pulse is applied, and thus the discharge cells remain in the 
initial light emission state into Which they have been brought 
in the all-reset step Rc. 

In the following light emission sustain step Ic for each 
sub?eld, the ?rst sustain driver 7 and the second sustain 
driver 8 alternately apply positive sustain pulses IPX and IPY 
to the roW electrodes X1 to X” and Y1 to Y”. In this light 
emission sustain step Ic for each sub?eld, the number of 
times (period) the sustain pulses IPX and IPY are applied is 
determined for each sub?eld SF. For example, in the sub 
?elds SP1 to SP14 shoWn in FIG. 2, if light is emitted four 
times in the sub?eld SP1, then the numbers of times (period) 
the sustain pulses IPX and IPY are applied in the light 
emission sustain step for the respective sub?elds are deter 
mined as folloWs: 

SP1: 4 

SP2: 12 

SP3: 20 

SP4: 32 

SP5: 40 

SP6: 52 

SP7: 64 

SP8: 76 

SP9: 88 

SP10: 100 

SP11: 112 

SP12: 128 

SP13: 140 

SP14: 156 
Thus, each time a sustain pulse IPX or IPY is applied, a 

sustain discharge occurs in discharge cells in the light 
emission state, that is, in discharge cells retaining the Wall 
charge formed in the pixel data Write step Wc, so that the 
light emission state is maintained over periods correspond 
ing to the numbers of sustain pulses assigned to the respec 
tive sub?elds. Thus, in the light emission sustain step Ic in 
the sub?eld SP1, light emission is performed for loW 
luminance components of the input video signal, While, in 
the light emission sustain step Ic in the sub?eld SP14, light 
emission is performed for high-luminance components. 
As shoWn in PIG. 8, an erase step E is performed in and 

only in the last sub?eld SP14. In this erase step E, the 
address driver 6 generates an erase pulse AP and supplies it 
to the column electrode D1_m. In synchroniZation With the 
application of the erase pulse AP, the second sustain driver 
8 generates an erase pulse EP and applies it to the roW 
electrodes Y1 to Y”. As a result of the simultaneous appli 
cation of the erase pulses AP and EP, an erase discharge 
occurs in all discharge cells of the PDP 10 and the Wall 
charge remaining in any discharge cell is eliminated. Thus, 
the erase discharge causes all discharge cells of the PDP 10 
to be brought into the non-light emission state. 

PIG. 9 shoWs all possible light emission driving patterns 
according to the light emission scheme shoWn in PIG. 8. 
As shoWn in PIG. 9, the selective erase discharge for each 

discharge cell is performed in a pixel data Write step Wc only 
in one of the sub?elds SP1 to SP14 (selective erase dis 
charges are denoted by solid circles in PIG. 9). That is, the 
Wall charges, Which are formed in all discharge cells of the 
PDP 10 during the all-reset step Rc, are maintained until the 
selective erase discharge is performed, and light emission 
discharges are performed (as represented by open circles in 
PIG. 9) in the sustain emission step Ic, for the respective 
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sub?elds SP, during the periods in Which the Wall charges 
are maintained. That is, each discharge cell is maintained in 
the light emission state until the selective erase discharge is 
performed in each ?eld, and light emission is performed in 
the sustain emission step Ic in each sub?eld, during the 
period determined in accordance With the assigned period 
ratio, as shoWn in PIG. 2. 

Herein, as shoWn in PIG. 9, in each discharge cell, only 
one or no transition can occur from the light emission state 

to the non-light emission state. That is, in any light emission 
driving pattern, if once a certain discharge cell is brought 
into the non-light emission state in a certain ?eld, that 
discharge cell cannot be again brought into the light emis 
sion state in the same ?eld. 

Thus, the all-reset operation, Which results in emission of 
high-intensity light having no contribution to displaying an 
image, is performed only once in each ?eld as shoWn in 
PIGS. 2 and 8, and thus the reduction in the contrast is 
minimiZed. 
On the other hand, the selective erase discharge is per 

formed at most once in each ?eld, as represented by solid 
circles in PIG. 9, and thus electric poWer consumed thereby 
is minimiZed. 

Furthermore, as can be seen from PIG. 9, such a light 
emission pattern is not alloWed Which Would be equal to an 
inversion of any other light emission pattern, that is, any 
light emission pattern cannot be equal to a pattern obtained 
by inverting any other light emission pattern such that the 
original light emission period in one ?eld is converted into 
a non-light emission period and the original non-light emis 
sion period is converted into a light emission period. This 
suppresses the formation of a false image edge. 
The Widths of scanning pulses SP applied in the respective 

sub?elds SP1 to SP14 are determined such that a scanning 
pulse SP applied in a sub?eld at a location earlier in time has 
a greater pulse Width than those applied in sub?elds at later 
locations, for the folloWing reason. When a selective erase 
operation is performed in a certain sub?eld, if prior sub?elds 
are in the light emission state in Which sustain emission 
discharges are performed repeatedly (that is, the luminance 
is high), there are sufficient priming particles in the dis 
charge space, Which ensure that the selective erase discharge 
occurs in a highly reliable fashion. On the other hand, in the 
case Where there is no sub?eld in the light emission state 
before the sub?eld in Which the selective erase operation is 
performed, or in the case Where although there are sub?elds 
in the light emission state, the number of such sub?elds is 
small (as is the case When the selective erase discharge is 
performed in the sub?eld SP1 or SP2), the sustain emission 
discharge has been performed only a small number of times, 
and thus the discharge space does not include a suf?ciently 
large number of priming particles. If the selective erase 
discharge is performed in a sub?eld Without having suf? 
cient priming particles in the discharge space, the selective 
erase discharge does not occur immediately after the appli 
cation of the scanning pulse SP but it occurs after a delay of 
time. This causes the selective erase discharge to become 
unstable, and a false discharge can occur during the sustain 
discharge period, Which results in degradation in the image 
quality. To prevent the above problem, the Widths of the 
scanning pulses SP applied in sub?elds SP1 to SP14 are set 
such that a scanning pulse SP at a location earlier in time has 
a greater Width than any scanning pulse SP at a later 
location. That is, the Width of the scanning pulse SP applied 
in the ?rst sub?eld SP1 (?rst group of sub?elds) in each ?eld 
is set to be greater than the Width of any scanning pulse SP 
applied in the folloWing sub?elds SP2 (second group of 
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sub?elds), SF3 (third group of sub?elds), . . . , SF14 
(fourteenth group of sub?elds), thereby ensuring that a 
selective erase discharge occurs in a highly reliable fashion 
When a scanning pulse SP is applied, and thus ensuring the 
stability of the selective erase operation. 

For the same sub?eld, the Width of the scanning pulse SP 
is set such that the Width of the scanning pulse SP in the 
second mode becomes greater than in the ?rst mode, for the 
folloWing reason. In the operation, as described earlier, after 
selecting the ?rst or second mode depending on the mean 
luminance level of the input pixel data D, the light emission 
intensity (luminance) is controlled by controlling the num 
ber of times light is emitted during the sustain discharge 
period in the same sub?eld (that is, by controlling the 
number of sustain pulses). If the mean luminance level of the 
input pixel data D becomes equal to or greater than the 
predetermined value, the mode is sWitched to second mode. 
In the second mode, sustain emission discharge is performed 
a smaller number of times than in the ?rst mode, and thus the 
number of priming particles created in the discharge space 
by the sustain emission discharge becomes smaller than in 
the ?rst mode. As a result, the selective erase discharge in the 
pixel data Write step becomes less stable, and an incorrect 
discharge can occur in the sustain discharge period, Which 
results in degradation in the image quality. To avoid the 
above problem, the Width of the scanning pulse SP in each 
sub?eld is set such that the Width becomes greater in the 
second mode than in the ?rst mode (that is, the scan rate of 
the scanning pulse SP is set to be longer in the second mode 
than in the ?rst mode), thereby ensuring that a selective 
erase discharge occurs in a highly reliable fashion When a 
scanning pulse SP is applied, and thus ensuring the stability 
of the selective erase operation. 

The second data converter 34 converts the gradation 
level-converted pixel data D5, in accordance With a conver 
sion table such as that shoWn in FIG. 10, into level 
converted pixel data (display pixel data) HD consisting of 
1st to 14th bits corresponding to the sub?elds SF1 to SF14. 
The gradation-level-converted pixel data D5 is obtained as 
folloWs. First, data conversion is performed so as to convert 
input 8-bit (256-level) pixel data D into 224/225-level data. 
The resultant data is further compressed by 2 bits by means 
of a multilevel conversion process based on, for example, 
error diffusion or dithering. Thus, the data is ?nally con 
verted into 4-bit (15-level) data. 

Herein, of the 1st to 14th bits of the level-converted pixel 
data HD, those bits With a logical level of “1” indicate that, 
in the pixel data Write step Wc, the selective erase discharge 
should be performed in sub?elds SF corresponding to the 
“1”-level bits. 

The level-converted pixel data HD associated With each 
discharge cell of the PDP 10 is supplied to the address driver 
6 via the memory 4. Herein, the level-converted pixel data 
HD associated With one discharge cell has one of ?fteen 
patterns shoWn in FIG. 10. The address driver 6 assigns the 
1st to 14th bits of the level-converted pixel data HD to the 
sub?elds SF1 to SF14, respectively, such that the pixel data 
pulse generated in the pixel data Write step Wc for each 
sub?eld has a high voltage only When the bit corresponding 
to that sub?eld has a logical level of “1”. The resultant pixel 
data pulse is applied to the column electrodes D of the PDP 
10 so that the selective erase discharge occurs. 
As described above, the 8-bit pixel data D is converted by 

the data converter 30 into 14-bit level-converted pixel data 
HD having one of 15 gradation levels as shoWn in FIG. 10. 
HoWever, as described above, the process performed by the 
multiple gradation level converter 33 alloWs the resultant 
data to have as many as 256 gradation levels that are visually 
perceptible. 
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As described above, only in the ?rst sub?eld of each ?eld, 

a discharge is ?rst performed in all discharge cells to 
initialiZe them into the light emission state (in the case Where 
the selective erase address scheme is employed). Thereafter, 
in the pixel data Write step, only in one of sub?elds, each 
discharge cell is set into the non-light emission state or light 
emission state depending on the pixel data. Furthermore, in 
the light emission sustain step for each sub?eld, light is 
emitted only in those cells in the light emission state for 
periods Weighted depending on each sub?eld. In this driving 
method, When the selective erase address scheme is 
employed, as many sub?elds as required to represent given 
luminance are selected starting from the ?rst sub?eld and 
they are set to be in the light emission state. On the other 
hand, When the selective erase address scheme is employed, 
as many sub?elds as required to represent given luminance 
are selected starting from the sub?eld located at the end of 
one ?eld, and they are set to be in the light emission state. 

FIG. 11 shoWs a speci?c example of the construction of 
the ?rst and second sustain drivers 7 and 8 associated With 
the electrodes X]- and Yj. Herein, the electrode X]- denotes a 
jth electrode of roW electrodes X1 to X”, and the electrode 
Y1 denotes a jth electrode of roW electrodes Y1 to Y”. There 
is a capacitance C0 betWeen the electrodes X]- and Yj. 
The second sustain driver 8 includes tWo poWer sources 

B1 and B2. The poWer source B1 supplies a voltage VS1 (170 
V, for example), and the poWer source B2 supplies a voltage 
Vr1 (190 V, for example). The positive terminal of the poWer 
source B1 is connected via a sWitching element S3 to an 
interconnection line 11 connected to the electrode Xi, and 
the negative terminal is grounded. BetWeen the interconnec 
tion line 11 and the ground line, a switching element S4 is 
directly connected, and furthermore, a series circuit of a 
sWitching element S1, a diode D1, and an inductor L1 and 
a series circuit of an inductor L2, a diode D2, and a 
sWitching element S2 are connected via a common capacitor 
C1 disposed on the ground side. The diodes D1 and D2 are 
connected to the capacitor C1 such that the anode of the 
diode D1 and the cathode of the diode D2 are connected to 
the capacitor C1. The positive terminal of the poWer source 
B2 is connected to the interconnection line 11 via a sWitch 
ing element S8 and a resistor R1, and the negative terminal 
of the poWer source B2 is grounded. 
The ?rst sustain driver 7 includes four poWer sources B3 

to B6. The poWer source B3 supplies a voltage VS1 (170 V, 
for example), and the poWer source B4 supplies a voltage 
Vr1 (190 V, for example). The poWer source B5 supplies a 
voltage Vol? (140 V, for example), and the poWer source B6 
supplies a voltage Vh (Which is higher than V017 and a 
speci?c value of Which is 160 V, for example). The positive 
terminal of the poWer source B3 is connected via a sWitching 
element S13 to an interconnection line 12 connected to a 
sWitching element S15, and the negative terminal of the 
poWer source B3 is grounded. BetWeen the interconnection 
line 12 and the ground line, a sWitching element S14 is 
directly connected, and, in addition, a series circuit of a 
sWitching element S11, a diode D3, and an inductor L4, and 
a series circuit of an inductor L4, a diode D4, and a 
sWitching element S12 are connected via a common capaci 
tor C2 disposed on the ground side. The diodes D3 and D4 
are connected to the capacitor C2 such that the anode of the 
diode D3 and the cathode of the diode D4 are connected to 
the capacitor C2. 
The interconnection line 12 is connected via the sWitching 

element S15 to an interconnection line 13 connected to the 
negative terminal of the poWer source B6. The positive 
terminals of the respective poWer sources B4 and B5 are 
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grounded. The negative terminal of the power source B4 is 
connected to the interconnection line 13 via a switching 
element S16 and a resistor R2. The negative terminal of the 
power source B5 is connected to the interconnection line 13 
via a switching element S17. 

The positive terminal of the power source B6 is connected 
via a switching element S21 to an interconnection line 14 
connected to the electrode Yj. The negative terminal of the 
power source B6 is connected to the interconnection line 13 
and also to the interconnection line 14 via a switching 
element S22. A diode D5 is connected in parallel to the 
switching element S21, and a diode D6 is connected in 
parallel to the switching element S22. The diodes D5 and D6 
are connected to the interconnection line 14 such that the 
anode of the diode D5 and the cathode of the diode D6 are 
connected to the interconnection line 14. 

Turning-on/off of each of the switching elernents S1 to S4, 
S8, S11 to S17, S21, and S22 is controlled by a controller 2. 
In FIG. 11, arrows connected to the respective switching 
elernents denote control signal terrninals thereof connected 
to the controller 2. 

In the ?rst sustain driver 7, the power source B3, the 
switching elernents S11 to S15, the inductors L3 and L4, the 
diodes D3 and D4, and the capacitor C2 form a sustain 
driver, and the power source B4, the resistor R2, and the 
switching element S16 form a reset driver. The remaining 
elements including the power sources B5 and B6, the 
switching element S13, S17, S21, and S22, and the diodes 
D5 and D6 form a scan driver. 

Referring to a timing chart shown in FIG. 12, the opera 
tion of the display device according to the present invention 
is described below. The operation of the display device 
includes an operation performed in a reset period, an opera 
tion performed in an address period, and an operation 
performed in a sustain period (ernission sustain period). 

First, in the reset period, the switching element S8 of the 
second sustain driver 8 is turned on, and the switching 
elernents S16 and S22 of the ?rst sustain driver 7 are both 
turned on. The other switching elernents remain in the 
off-state. When the switching elernents S16 and S22 are 
turned on, a current is supplied from the positive terminal of 
the power source B4 to the electrode Y1 via the switching 
element S16, the resistor R2, and the switching element S22. 
On the other hand, when the switching element S8 is turned 
on, a current is returned from the electrode X]- into the power 
source B2 via the resistor R1 and the switching element S8. 
The voltage of the electrode X]- gradually decreases at a rate 
determined by the time constant of the capacitor C0 and the 
resistor R1 and serves as a reset pulse PRx. On the other 
hand, the voltage of the electrode Yj- gradually increases at 
a rate determined by the time constant of the capacitor C0 
and the resistor R2 and serves ad a reset pulse PRy. The 
voltage of the reset pulse PRx ?nally becornes equal to —V,1, 
and the voltage of the reset pulse PRy ?nally becornes equal 
to Vrl. The reset pulse PRx is simultaneously applied to all 
electrodes X1 to X”. The reset pulses PRy are generated for 
the respective electrodes Y1 to Y” and simultaneously 
applied to all electrodes Y1 to Y”. 
As a result of the simultaneous application of the reset 

pulses RPx and RPy, a discharge occurs in all discharge cells 
of the PDP 10 and thus charged particles are created. After 
completion of the discharge, a predetermined amount of wall 
charge is uniformly formed on the dielectric layer of each 
discharge cell. 

After the levels of the reset pulses PRx and PRy have 
reached their saturated values, the switching elernents S8 
and S16 are turned off before the end of the reset period. At 
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this point of time, the switching elernents S4, S14, and S15 
are turned on, and thus the electrodes X]- and Y]- are both 
grounded. As a result, the reset pulses PRx and PRy disap 
pear. 
At the beginning of the address period, the switching 

elernents S14, S15, and S22 are turned off, and the switching 
element S17 is turned on. At the same time, the switching 
element S21 is also turned on. As a result, the power source 
B6 and the power source B5 are connected in series to each 
other, and thus the potential of the positive terminal of the 
power source B6 becornes equal to Vh—V0?. This positive 
voltage is applied to the electrode Yj- via the switching 
element S21. 

In the address period, the address driver 2 converts each 
piXel data included in the video signal to piXel data pulses 
DP1 to DPn having voltages corresponding to the logical 
levels of the respective piXel data and sequentially supplies 
the resultant data to the column electrodes D1 to Dm on a 
row-by-row basis. To the electrodes Y]- and YJ-H, as shown 
in FIG. 5, piXel data pulses DP]- and DPJ-+1 are applied. 

In synchroniZation with the timings of the piXel data 
pulses DP1 to DP” described above, the ?rst sustain driver 
7 sequentially supplies a negative scanning pulse SP to the 
row electrodes Y1 to Y”. 

In synchroniZation with the application of the piXel data 
pulse DPJ- from the address driver 2, the switching element 
S21 is turned off and the switching element S22 is turned on. 
As a result, the negative voltage —Vo? is supplied as a 
scanning pulse SP from the negative terminal of the power 
source B5 to the electrode Yj- via the switching element S17 
and the switching element S22. In synchroniZation with the 
end of the application of the pixel data pulse SPJ- from the 
address driver 2, the switching element S21 is turned on and 
the switching element S22 is turned off. As a result, the 
voltage Vh—V0? is supplied from the positive terminal of the 
power source B6 to the electrode Yj- via the switching 
element S21. Thereafter, to the electrode Yj-+1 in a similar 
manner to the electrode Y], a scanning pulse SP is applied in 
synchroniZation with a piXel data pulse DPJ-+1 from the 
address driver 2 as shown in FIG. 5. 
Of discharge cells connected to a row electrode to which 

the scanning pulse SP is applied, a discharge occurs in 
discharge cells to which a positive piXel data pulse is also 
applied, and most wall charge is lost. On the other hand, no 
discharge occurs in those discharge cells to which the 
scanning pulse SP is applied but no positive piXel data pulse 
is applied, and the wall charge rernains without being lost. 
The discharge cells in which the wall charge remains are 
maintained in the light emission state, while the discharge 
cells from which the wall charge has been lost are brought 
into the non-light ernission state. 
At the transition from the address period to the sustain 

period, the switching elernents S17 and S21 are turned off, 
and the switching elernents S14, S15, and S22 are turned on. 
However, the switching element S4 is maintained in the 
on-state. 

In the sustain period, the switching element S4 in the 
second sustain driver 8 is turned on, whereby the voltage of 
the electrode X]- becornes substantially equal to the ground 
voltage, that is, 0 V. Thereafter, the switching element S4 is 
turned off and the switching element S1 is turned on, 
whereby the charge stored in the capacitor C1 is transferred 
to the capacitor C0 via the inductor L1, the diode D1, the 
switching element S1, and the electrode X]-. As a result, as 
shown in FIG. 12, the voltage of the electrode X]- increases 
at a rate determined by the time constant of the inductor L1 
and the capacitor C0. 
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Thereafter, the switching element S1 is turned off and the 
switching element S3 is turned on. As a result, the voltage 
VS1 of the positive terminal of the power source B1 is 
applied to the electrode Xi. Thereafter, the switching ele 
rnent S3 is turned off and the switching element S2 is turned 
on. As a result, the charge stored in the capacitor C0 is 
transferred into the capacitor C1 via the electrode X], the 
inductor L2, the diode D2, and the switching element S2. 
Thus, as shown in FIG. 12, the voltage of the electrode X] 
gradually decreases at a rate determined by the time constant 
of the inductor L2 and the capacitor C1. When the voltage 
of the electrode X]- becornes substantially equal to 0 V, the 
switching element S2 is turned off and the switching element 
S4 is turned on. 
As a result of the above operation, a positive sustain 

discharge pulse IPx (each pulse IPx1 to IPxi in FIG. 12) is 
supplied to the electrode X]- frorn the second sustain driver 
8. 

In the ?rst sustain driver 7, when the switching element 
S4 is turned on and the sustain discharge pulse IPx is 
eliminated, the switching element S11 is turned on and the 
switching element S14 is turned off, whereby the voltage of 
the electrode Y], which is substantially equal to 0 V when the 
switching element S14 is in the on-state, gradually increases, 
as shown in FIG. 12, at a rate determined by the time 
constant of the inductor L3 and the capacitor C0 because the 
charge stored in the capacitor C2 is transferred into the 
capacitor C0 via the inductor I3, the diode D3, the switching 
element S11, the switching element S15, and the diode D6. 

Thereafter, the switching element S11 is turned off and the 
switching element S13 is turned on. As a result, the voltage 
VS1 of the positive terminal of the power source B3 is 
applied to the electrode Yj- via the switching element S13, 
the switching element S15, and the diode D6. Thereafter, 
when the switching element S13 is turned off and the 
switching elernents S12 is turned on and furthermore the 
switching element S22 is turned on, the charge stored in the 
capacitor C0 is transferred into the capacitor C2 via the 
electrode Y], the switching element S22, the switching 
element S15, the inductor L4, the diode D4, and the switch 
ing elernent S12. Thus, as shown in FIG. 12, the voltage of 
the electrode Yj- gradually decreases at a rate determined by 
the time constant of the inductor L4 and the capacitor C2. 
When the voltage of the electrode Yj- becornes substantially 
equal to 0 V, the switching elernents S12 and S22 are turned 
off and the switching element S14 is turned on. 
As a result of the above operation, a positive sustain 

discharge pulse IPy (each pulse IPy1 to IPyi in FIG. 12) is 
applied to the electrode Yj- from the ?rst sustain driver 7. 

In the sustain period, as described above, the sustain 
discharge pulse IPx and the sustain discharge pulse IPy are 
alternately generated and alternately applied to the elec 
trodes X1 to X” and the electrodes Y1 to Y”. As a result, light 
emission is performed repeatedly in discharge cells in the 
light emission state in which the wall charge remains in the 
discharge cells so that the light emission state thereof is 
maintained. 

During the sustain period, turning-on/off of each of the 
switching elernents S1 to S4 and S11 to S14 is controlled by 
the controller 2 as shown in FIG. 13. That is, the controller 
2 determines whether the ABL controller 31 is in the ?rst or 
second operation mode (step S31). In the case where the 
ABL controller 31 is in the ?rst operation mode, the con 
troller 2 generates various control signals such that the 
timings of the start of the on-periods of the switching 
elernents S3 and S13 are advanced (step S32). In the case of 
the second mode, control signals are generated such that the 
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timings of the start of the on-periods of the switching 
elernents S2 and S12 are advanced and furthermore the 
timings of the start of the on-periods of the switching 
elernents S4 and S14 are advanced (step S33). 

FIG. 14A shows the timings of turning on/off the switch 
ing elernents S11 to S14 in the ?rst sustain driver 7 during 
the sustain period according to the conventional technique 
and also shows a resultant change in the voltage of the line 
12 and a resultant change in the discharge current. The 
timings of turning on/off the switching elernents S1 to S4 in 
the second sustain driver 8 and resultant changes in the 
voltage of the line 11 and the discharge current are similar 
to those of the ?rst sustain driver 7, as denoted by paren 
thesiZed reference syrnbols. This is also true in FIGS. 14B 
and 14C. 

FIG. 14B shows the timings of turning on/off the switch 
ing elernents S11 to S14 (S1 to S4) in the ?rst rnode during 
the sustain period and also shows a resultant change in the 
voltage of the line 12 (line 11) and a resultant change in the 
discharge current. In the ?rst mode, when the switching 
element S11 (S1) is turned on and the switching element S14 
(S14) is simultaneously turned off, the capacitor C0 disposed 
between the electrodes Y]- and X]- is charged up by a current 
caused by the turning-on/off of the switching elernents S11 
and S14. As a result, the voltage of the line 12 (line 11) and 
the voltage of the electrode Yj gradually increase. 
Before the voltage of the electrode Y1 reaches V51, the 
switching element S13 (S3) is turned on. As a result, the 
voltage of the electrode Yj is clamped to the voltage VS1 
output from the power source B3 (B1). Because of reso 
nance that still occurs even after the voltage of the electrode 

Yj has been clamped, an overshoot in the voltage of the 
electrode Yj occurs and the voltage of the electrode Y] 
(X]-) becornes higher than the voltage V51, as shown in FIG. 
14B. Furthermore, the peak level of the discharge current 
becornes higher than that according to the conventional 
technique. The above effect will also be achieved if the 
output voltage of the power source B3 (B1) is equivalently 
increased. The voltage overshoot results in an increase in a 
vacuum ultraviolet ray radiated from Xenon gas sealed in the 
discharge space, and the increase in the vacuum ultraviolet 
ray results in an increase in the amount of color light emitted 
by excitation by the vacuum ultraviolet ray upon a ?uores 
cent layer and thus results in an increase in lurninance. Thus, 
it becomes possible to achieve an increase in the peak 
lurninance. 

FIG. 14C shows the timings of turning on/off the switch 
ing elernents S11 to S14 (S1 to S4) in the second mode 
during the sustain period and also shows a resultant change 
in the voltage of the line 12 (line 11) and a resultant change 
in the discharge current. In this second mode, the length of 
the on-period of the switching element S11 (S1) and the 
timing of the start of the on-period of the switching element 
S13 (S3) are similar to those shown in FIG. 14A for the 
conventional apparatus. However, the length of the 
on-period of the switching element S13 (S3) is shorter than 
that shown in FIG. 14A for the conventional apparatus, and 
the switching element S12 (S2) is turned on earlier than is 
turned on in the conventional apparatus. As a result, the 
discharge current ?owing between the electrodes Y]- and X] 
abruptly drops to 0 in the middle of gradual reduction as 
shown in FIG. 14C. This, the discharge is limited, and a 
reduction in the power consumption and an increase in the 
emission ef?ciency can be achieved. 

In FIGS. 14A to 14C, the timings of the end of the 
on-period of the switching elernents S11 and S1 may be 
located anywhere within the period from the time at which 




